A study had been conducted on the optimization and validation of high-performance liquid chromatography (HPLC) method for quantitative analysis of whitening agents namely hydroquinone (HQ) and retinoic acid (RA) in cream cosmetics. Using experimental design of response surface method, the optimal condition of mobile phase resulted of methanol:water:glacial acetic acid (88:12:0.4 v/v/v), with a flow rate of 1.2 mL/minute. The separation of HQ and RA was achieved using column of STAR LP Purospher® stationary phase RP-18 end-capped (250 × 4.6 mm, 5 µm) at a temperature of 45°C. Detection was performed using photodiode array (PDA), set at wavelength 310 nm. HPLC-PDA was validated by assessing several parameters, namely selectivity, linearity, accuracy, precision, detection limit, quantitation limit, and robustness. The validation results showed that the analytical method was selective, linear with a correlation coefficient (r) of ≥0.9998, precise with the relative standard deviation (RSD) of inter-day precision of ≤3.44%, accurate with recovery percentage of HQ and RA of 100.00% and 99.67%, respectively. The detection limits of HQ and RA were of 0.44 and 0.47 mg/g, sample respectively; while the limits of quantitation of HQ and RA were of 5.09 and 1.71 mg/g samples, respectively. The developed method was successfully used for analysis of HQ and RA in commercial cream samples.
INTRODUCTION
Hydroquinone (HQ) is one of the components used as whitening agent added to cosmetics products to function as an inhibitor of melanin formation through inhibition of tyrosinase enzymes (US FDA, 2009 ). In medicine, HQ is used to prevent skin disorders due to hyperpigmentation such as melisma. However, if HQ is used extensively, it can cause hypopigmentation. HQ is also reported to have irritation and some adverse effects by destroying melanosit in human skin (Yang et al., 2010) . Food and Drug Administration, Republic of Indonesia allowed the limited use of HQ in hair and nail colorants, but HQ was strictly forbidden for skin lightening cosmetics. Retinoic acid or tretinoin is vitamin A form is extensively used as anti-aging non-peeling (Kligman et al., 1984; Darlenski et al., 2010) . The chemical structures of HQ and RA were shown in Figure 1 .
Analysis of HQ and RA in cosmetics samples has been reported such as normal uv-vis spectroscopy and derivative spectrophotometry for analysis of HQ in cream cosmetics samples (Odumosu and Ekwe, 2010; Elzanfaly et al., 2012; Kipngetich et al., 2013) , visible spectroscopy based on ammonium metavanadate as an oxidizing catalyst for conversion of HQ to p-benzoquinone in the presence of oxygen (Uddin et al., 2011) , ultra high performance liquid chromatography (UHPLC) using uv-vis detector (Desmedt et al., 2014) , UHPLC with photo-diode array detector and UHPLC-time of flight mass spectrometer (Desmedt et al., 2013) , liquid chromatography-mass spectrometer tandem mass spectrometer for analysis of RA in biological samples (Kane et al., 2005) , supercritical fluid chromatography (Pfander and Niggli, 1995) , high performance capillary electrophoresis (Shi et al., 1995) , and isotope ratio-mass spectrometry (Parker et al., 1993) .
Most of the reported methods were intended for analysis of HQ and RA individually, while simultaneous analysis of HQ and RA was performed was carried out using LC-MS/MS which was expensive and complex. In this study, a simple HPLC using isocratic elution was validated and used for simultaneous determination of HQ and RA in cosmetics samples. 
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MATERIALS AND METHODS
The reference standard of hydroquinone (HQ) and retinoic acid (RA) were obtained from Food and Drug Administration, the Republic of Indonesia. Samples of cosmetics were obtained from pharmacy around Yogyakarta, Indonesia. The solvents of mobile phase used were of HPLC grade. The solvents and reagents used were of the pro-analytical grade.
Preparation of standard solution
An approximately of 12.5 mg of hydroquinone and 6.25 retinoic acid was accurately weighed using micro-analytical balance, added with a solvent of methanol:water:glacial acetic acid (88:12:0.4 v/v/v) in volumetric flask 50 ml. A-3.0 mL of this solution was taken and made to 25.0 mL in a volumetric flask using the same solvent. The solution was filtered using membrane filter 0.45 µm, and 20 µL solution was injected into HPLC system.
HPLC measurement
The optimum separation was performed using HPLC (Shimadzu, Japan) equipped with a photodiode-array detector (PAD) with column Purospher® STAR RP-18 end-capped (250 × 4.6 mm, 5 µm) (Merck, Germany). The composition of mobile phase, column temperature, and flow rate were optimized using response surface method. The wavelength of PDA was set at maximum wavelength scanned using UV spectrophotometer UV 1800 (Shimadzu, Japan). The injection volume was set at 20 µL.
The Validation of the analytical method
The validation of analytical method using optimized HPLC condition was performed according to International Conference on Harmonization (ICH, 1994) by assessing selectivity, linearity, precision, sensitivity, and robustness. The selectivity of the method was evaluated by injecting mobile phase, standard solution, and spiked samples. The linearity of hydroquinone (HQ) and retinoic acid (RA) was evaluated by preparing a standard solution containing the mixture of HQ at a concentration range of 10-60 µg/mL and RA at a concentration range of 5-30 µg/ mL, respectively. Precision was evaluated using repeatability and intermediate precision assay. RSD value was used as acceptance criteria for precision. The accuracy of the analytical method was performed by spiked placebo using concentration levels of HQ of 20, 30 dan 40 µg/mL and RA of 10, 15 dan 20 µg/mL. The recovery percentage was calculated and used for accuracy evaluation. The sensitivity of the analytical method was evaluated by the limit of detection (LoD) and limit of quantification (LoD). The robustness test was carried out by changing of oven temperature (±5°C) from optimum temperature and its effect on peak separation was evaluated using analysis of variance.
Analysis of commercial samples
An approximately of 0.5-gram commercial cream cosmetics was accurately weighed in volumetric flask 25 mL, added with 10 mL solvent (methanol:water:glacial acetic acid 88:12:0.4 v/v/v), mixed with a vortex mixer for 3 minutes, and made until volume using the same solvent. The solution was cooled in ice bath for 15 minutes and then filtered using membrane filter 0.45 µm. A-20 µL of this solution was injected in optimized HPLC system.
Data analysis
The calculation of validation data such as mean, standard deviation and RSD for evaluation of precision, the correlation coefficient for linearity and recovery percentage was calculated using Microsoft Excel 2013 (Microsoft Corp., USA). While analysis of variance (ANOVA) was carried using SPSS version 17. The response surface method was carried out using software Design Expert 7.
RESULTS AND DISCUSSION
The optimization of HPLC condition was intended to obtain optimum separation of hydroquinone and retinoic acid based on resolution, the number of theoretical plates (H), and tailing factor (TF) with acceptable retention time. The experimental design using response surface methodology is an effective approach to find out optimum organic solvents of mobile phase (optimized at 80%, 85%, and 90% of organic solvent), flow rate (1.0, 1.2, and 1.4 mL/minute) and column oven temperature (40°C, 45°C, and 50°C). The selection of HPLC condition was based on its capability to provide the optimum resolution (Rs) with acceptable retention time. Using column STAR LP Purospher® stationary phase RP-18 end-capped (250 × 4.6 mm, 5 µm), the optimum condition of mobile phase was methanol:water:glacial acetic acid (88:12:0.4 v/v/v), with a flow rate of 1.2 mL/minute. The optimum oven temperature of the column was 45°C. Detection was performed using photo-diode array (PDA) at λ 310 nm. This optimum condition offered Rs value of ≥2.0, the similarity of the retention time of sample with that of standard, relative standard deviation (RSD) value of peak area and peak height ≤2% which meet the acceptance criteria for system suitability test (Gonzalez and Herrador, 2007) . Figure 2 revealed the HPLC chromatogram of HQ and RA using an optimized condition which exhibited good separation between HQ and RA. HQ and RA were eluted at retention times of ±2.28 and 11.34 min, respectively. HQ was eluted very early at 2.28 min which can be considered void volume for the column length 250 mm. Therefore, blank and standards of HQ and RA were analyzed and chromatogram obtained was depicted in Figure 3 . It is clear that at corresponding time retentions of HQ and RA, there was no peak in blank chromatogram proofing that peak at tR 2.28 min was due to HQ. The optimized HPLC condition was further validation to show its performance characteristics. The first validation parameter evaluated was selectivity of HPLC method to separate analytes (HQ and RA) selectively. Resolution (Rs) value was used for assessing selectivity, and Rs value of >2.0 was obtained, therefore the validated method was selective. For linearity evaluation, the mixture of HQ at a concentration range of 10-60 µg/mL and RA at a concentration range of 5-30 µg/mL. The correlation coefficient (r) values obtained for HQ were 0.9998 and 0.9999, respectively. While, %y-intercept obtained was 0.68 and 0.025% for HQ and RA, respectively. The developed method was considered linear over concentration range because r-value > 0.999 and %y-intercept < 2% (Snyder et al., 2010) . Figure 4 revealed the relationship between the concentration of HQ and RA along with equation of linear regression, r-value, and %y-intercept. The sensitivity of HPLC method was expressed by the limit of detection (LoD) and limit of quantification (LoQ). The LoD and LoQ values for HQ were of 0.44 dan 5.09 µg/mg sample, while LoD and LOQ values for RA were 0.47 and 1.72 µg/mg sample, respectively.
To evaluate random and systematic errors occurring during analysis, two parameters namely precision and accuracy were evaluated. The precision of optimized HPLC condition was evaluated by repeatability (intra-day assay) and intermediate precision (inter-day assay). The RSD values were used for evaluation of precision. The method was precise if RSD values found were lower than RSD Horwitz, calculated as:
RSD Horwitz = 2
(1-0,5 log C)
, in which C is a fraction of concentration (Gonzalez and Herrador, 2007) . For precision evaluation of HQ, the RSD values for intraday during three-week measurement were 0.58%, 0.33%, and 0.59%, respectively, while RSD value for inter-day was 3.44%. While RSD values for intra-day of RA were 1.98%, 0.84%, and 0.60%, respectively with RSD value of inter-day was 1.34%. All these RSD values were lower than required RSD Horwitz (±10%).
The accuracy of the analytical method was evaluated by spiked placebo and the recovery percentage was used as accuracy indication. The average of % recovery obtained was 100% for HQ and 99.67% for RA. The required % recovery for the level of analytes 1 ppm is 80-110%, therefore the validated HPLC method was accurate. The robustness was carried out by changing oven temperature from optimum temperature (45°C) into ±5°C, namely 40°C, 45°C, and 50°C. The results, based on ANOVA test followed by independent t-test, indicated that temperature change over specified value did not affect significantly (P > 0.05). Based on validation results, it can be concluded that HPLC at optimized condition was valid for analysis of HQ and RA in real samples. 
CONCLUSION
Reversed-phase HPLC using optimized mobile phase consisted methanol:water:glacial acetic acid (88:12:0.4 v/v/v) in an isocratic manner with a flow rate of 1.2 mL/minute was successfully used for analysis of hydroquinone and retinoic acid in cream cosmetics. The developed method is relatively fast and does not involve extensive sample preparation.
